The global average near-surface temperature in 2007 was 0.40 ± 0.10 degC above the 1961-1990 average (Figure 1 (a)) and 2007 was nominally the seventh-warmest year in the 158-year HadCRUT3 record . The year was characterized by a record-low Arctic sea-ice extent and by unusually high temperatures over the North Atlantic and much of Eurasia.
The HadCRUT3 dataset is calculated from land-surface air temperature measurements made at about 4350 land stations and a database of approximately 190 million sea-surface temperature (SST) observations collected since 1850. However, the global average temperature cannot be calculated exactly because large areas of the Earth's surface remain unobserved and measurements are prone to errors and biases. The uncertainties are such that none of the nine warmest years are distinguishable in a statistically meaningful way and therefore it is not possible to state with absolute certainty that 2007 was the seventh-warmest year on record. Nonetheless, it is virtually certain that 2007 was one of the ten warmest.
1998 remains the warmest year on record with a global average near-surface temperature anomaly of 0.52 ± 0.10 degC above the 1961-1990 average (Figure 1(a) ). The exceptional warmth of 1998 was a result of the strong El Niño that developed towards the end of 1997. A moderate El Niño developed towards the end of 2006 and in January 2007, which was the warmest January in the record, the Met Office Hadley Centre issued a forecast saying that there was a 60% chance that 2007 would be warmer than 1998. But SSTs in the tropical Pacific fell rapidly, dropping below La Niña thresholds by May and, subsequently, global average temperatures fell too. By January 2008, the La Niña had become the strongest since that of 1988 /1989 .
The annual average Northern Hemisphere (NH) near-surface temperature anomaly in 2007 was 0.63 ± 0.11 degC (Figure 1(b) ). It is virtually certain to be one of the eight warmest years on record. The Southern Hemisphere (SH, Figure 1 (c)) was somewhat cooler with an annual average anomaly of 0.18 ± 0.13 degC and, given the uncertainties, it may have been the fourth-warmest or not even in the top twenty. The annual average temperature anomaly for the tropics (20 ˚N-20 ˚S) was 0.30 ± 0.03 degC, somewhere between the tenth-and sixteenth-warmest on record. Uncertainties on tropical average temperatures are much lower than for other areas owing to the thermal homogeneity of the tropics (Figure 1(d) ).
The global average land-surface air temperature in 2007 was 0.68 ± 0.19 degC above the long-term average (Figure 1(g) ) and it was among the ten warmest years on record. The uncertainties on land-surface temperatures are larger than on combined land-and sea-surface temperatures because of the greater variability of air temperature over land. In 2007, the NH land-surface air temperature anomaly was 1.02 ± 0.12 degC (among the three warmest, Figure 1 (h)) but the SH land-surface air temperature anomaly, at 0.35 ± 0.36 degC, has only a 95% probability of being above the 1961-1990 average (Figure 1(i) ).
Annual average near-surface temperatures in 2007 were above the average over large areas (Figure 3(a) ). Significant warm anomalies -temperatures exceeding the 90th percentile of occurrence (Horton et al., 2001, Figure 3(b) ) -were observed over much of Asia, Europe, north-west Africa, the United States, Brazil, Australia and the Indian Ocean. Large areas of the North Atlantic were also significantly warmer than average, reflecting the continuing warm phase of the Atlantic Multi-decadal Oscillation (AMO, Knight et al., 2005) , which began in the mid-90s. The AMO has been shown to influence north-eastern Brazilian and African Sahel rainfall, Atlantic hurricanes and North American and European summer climate (Knight et al., 2006) . Arctic temperatures are not marked as being above the Tropics, Land and Ocean, 1850 1860 1880 1900 1920 1940 1960 1980 2000 N. Hemisphere, N of 20N, Land and Ocean, 1850 1860 1880 1900 1920 1940 1960 1980 2000 S. Hemisphere, S of 20S, Land and Ocean, 1850 -2007 1961 -1990 , January 1950 -February 2008 in 1982-1983, 1987, and 1997-1998 coincided with global warmth, but El Niño events are often followed by cooler La Niña events as in 1985, 1988, 1998-1999 and 2007 . Data are from HadSST2 (Rayner et al. 2006) .
Global and regional climate in 2007
Weather -October 2008, Vol. 63, No. 10 vations in the climatology period to estimate the percentiles. The (NH) winter was particularly warm over Eurasia (Figures 4(a) and (b)) with significant warm anomalies extending in a band from the UK in the west to northern China in the east. SSTs were much above average across large areas of the North Atlantic, Indian Ocean and western Pacific. Significant cold anomalies were observed only over limited areas of the Middle East.
Large areas of western Europe experienced their warmest spring on record and exceptionally high temperatures were measured in parts of southern Asia, tropical Africa and Australia. Although cool anomalies had started to develop in the tropical Pacific by the end of (NH) spring, the only land area experiencing significant cold was Argentina.
The low temperatures over Argentina persisted into the (SH) winter and temperatures during July and August were below the 2nd percentile of occurrence. Areas of 90th percentile because of the brevity of the temperature record, but the evidence from the reduced ice cover and satellite SST data (see below) is that the temperature anomalies were extreme. Significant cold anomalies -temperatures below the 10th percentile of occurrence -were reported in limited areas in the North Pacific, tropical Pacific and Argentina. Below-average temperatures were recorded over wide areas of the Southern Ocean but their significance is unknown because there are too few obser- (degC, relative to 1961-1990) Brohan et al. (2006) .
Figure 3(a)
. Land-surface air and sea-surface temperature anomalies (degC, relative to 1961-1990) significantly cold SST formed in the north Pacific and in the western North Atlantic. During the (NH) summer, south-eastern Europe, parts of the USA, Mongolia and China were significantly warmer than average and large areas of the Arctic Ocean north of Alaska were warmer than at any time in the record. By the start of (NH) autumn, La Niña conditions were well established. Negative SST anomalies spread across the Tropical Pacific and along the whole eastern rim of the basin. Areas experiencing significant warm anomalies were more limited, although most land areas were still warmer than average.
Temperatures in the free atmosphere
Temperatures aloft are monitored by radiosondes and Microwave Sounding Unit (MSU) satellite retrievals. Figure 5 shows global lower tropospheric and stratospheric MSU-equivalent temperature anomalies from the radiosonde data set HadAT2 (Thorne et al., 2005a) , and from MSU datasets produced by the University of Alabama (UAH, version 5.2 for the troposphere and 5.1 for the stratosphere; Christy et al., 2003; Christy and Spencer, 2005) and Remote Sensing Systems (RSS, version 3.0; Mears et al., 2003; Mears and Wentz, 2005) . Although interannual variations in the datasets are largely in agreement, differences can be seen in the long-term trends depicted in the right-hand panels. The disagreement in the trends at all levels is a result of structural uncertainties that arise from differing dataset development methods (Thorne et al., 2005b; McCarthy et al., 2007) . An example of this is that recent radiosonde analyses (Haimberger, 2007; Haimberger et al., 2008; Sherwood et al., 2008; Titchner et al., 2008) may have been more successful than Thorne et al., (2005a) at removing cooling biases in the raw data, particularly in the tropics.
Global annual average temperatures in the lower troposphere in 2007 were the third-, fourth-and ninth-highest in the HadAT2, UAH and RSS series respectively. The recent La Niña is reflected in a cooling in the troposphere as well as at the surface. In the long term, global average warming in the troposphere is proceeding at a similar rate to that recorded at the surface ( Figure 5 , right-hand panels).
In recent years, controversy has surrounded observations of the tropical troposphere (not shown), because many datasets had shown that it was warming less than the surface during the satellite era. Douglass et al. (2007) recently claimed that a fundamental discrepancy exists between available observational estimates of tropical tropospheric change and climate models, which indicate that in the tropics the temperatures aloft should show an amplification of surface trends owing to latent heat release (Santer et al., 2005 , Karl et al., 2006 . Santer et al. (2008) revisited the issue and not only found two major statistical errors in the method of Douglass et al., but also considered a much broader range of observational estimates including a number of new radiosonde analyses, some of which were made available to, but not used by Douglass et al. The conclusion reached in Santer et al. (2008) is that there is no meaningful evidence for a difference between modelled and observed behaviour in the tropics.
The global lower stratospheric temperatures in 2007 were the third-, first-and fifth-lowest for the HadAT2, UAH and RSS series respectively. The tropics saw cooling throughout 2007 as a result of the easterly phase of the Quasi-Biennial Oscillation. All long-term stratospheric temperature trends show overall cooling, although there has been little change since the mid-1990s. The radiosonde-based cooling trends are likely to have been exaggerated by uncompensated instrumental changes (Randel and Wu, 2006) .
Local and regional climate
The annual average temperature anomaly over Europe was +1.24 ± 0.13 degC in 2007, which is virtually certainly one of the five warmest years in the series. The Netherlands, Belgium, the Czech Republic, Denmark and several countries in eastern and south-eastern Europe experienced their warmest year on record. 2007 was the second-warmest year in the 94-year record for the UK as a whole (degC, relative to 1961-1990) for December 2006 to February 2007 March to May 2007; June to August 2007; and September to November 2007 a) and (b) ) with many areas in the south and east reporting record-high winter temperatures. The only area with below-average temperatures was Turkey. Precipitation totals were above average in northern Europe and generally below average in the south (Figure 7) , as expected given the stronger-than-usual westerly airflow. On 15 January, extra-tropical storm Kyrill developed over Newfoundland. It reached the UK on the evening of the 17 January. Between the 17 and 20 January the storm moved across Britain, the Netherlands, Germany and Poland, causing 49 deaths and around $10 billion of damage (Munich Re, 2008) .
Figure 5. Global lower stratospheric and lower tropospheric temperature anomalies relative to 1981-1990 from satellites and radiosondes. UAH (University of Alabama, Huntsville, blue) and RSS (Remote Sensing Systems, red) are two independently produced satellite estimates based upon the same Microwave Sounding Unit (MSU) temperature retrievals. HadAT2 (black) has been vertically weighted to create MSU-equivalent time-series from radio-

Figure 6(a). Surface air temperature anomalies for Europe and sea-surface temperature anomalies for neighbouring waters
The unusual warmth persisted into the spring. Record seasonal average temperatures were reported in Germany, the Netherlands, Switzerland, Belgium and France. April was particularly warm and temperatures exceeding the 98th percentile of occurrence were reported from the UK to Italy. The same areas were also unusually dry with many parts receiving less than 20% of the average April rainfall. The England and Wales Precipitation (EWP; Alexander and Jones, 2001 ) index for April was 9.5 mm, making it the fourth-driest April in the record , and the driest April since 1938. East Anglia and south-east England received only around 5% of the 1961-1990 average precipitation. The unusually dry conditions were accompanied by record-breaking temperatures. In the Central England area, April 2007 was, at 11.2 ± 0.4 ˚C (3.3 degC warmer than the 1961-1990 average; Table 1 and Figure 9 ), the warmest recorded April in the CET series. The mean daily maximum (Rudolf et al., 1994; Beck et al., 2005; Rudolf and Rubel, 2005; Fuchs et al., 2007; GPCC.) temperature for south-east and central southern England was around 5.5 degC above average. The 12-month period ending 30 April 2007 was the warmest 12-month period in the CET series by a significant margin, averaging 11.6 ± 0.18 ˚C, which is 2.1 degC above the 1961-1990 normal. The previous warmest 12-month period was 1 November 1994 to 31 October 1995, which was 1.6 ± 0. The wet weather affected much of northern Europe including France, Germany and the southern tip of Sweden. In contrast, countries in south-east Europe experienced their warmest summer on record and maximum temperatures exceeding 40 ˚C were recorded in a number of areas. On 25 June, Foggia in southern Italy reported a maximum temperature of 47.0 ˚C.
Temperatures were below average in central areas of Europe during the autumn. The lowest anomalies were observed in the south-east, where it was also wetter than average. Temperatures in the west were close to or above average and Spain, France and the UK were drier than the long-term mean. The CET was slightly above average and the EWP was below average during September, October and November. In the North East England Precipitation Series (NEEP) series, October was the ninth-driest in 135 years, with 26 mm (average 67 mm). December 2007 had generally close to average rainfall and temperatures.
Arctic sea-ice declined rapidly during summer 2007 and reached an unprecedented low in September. This record low is particularly striking when compared to the historical time series since 1955 and the median sea-ice extent (Figure 10 ). Record minima were also reported for July, August, and October, although such extreme values were not observed earlier in the year. This can be seen in the time series for March (Figure 10 ), when sea-ice extent typically reaches the annual maximum. Over recent decades sea-ice has significantly decreased in all months, although the sharpest decline has been in September. One likely cause of the 2007 record summer loss is the thinning of pack ice in recent years owing to a transition towards younger ice (Maslanik et al., 2007; Nghiem et al., 2007) . In addition, anticyclonic conditions over the central Arctic Ocean along with low pressure over Siberia from June to August resulted in warm southerly winds and clear skies over the Arctic Ocean in the region of the East Siberian and Chukchi Seas where the greatest losses of sea ice were seen and SSTs were at times more than 7 degC above average. The melting was accelerated by extra absorption of solar heat by the ocean where ice-cover was less than usual; this created even more open water to absorb solar heat, further accelerating the melting in an 'ice-albedo Table 1 Monthly mean Central England Temperature (CET) (Manley, 1974; Parker and Horton, 2005) and England and Wales precipitation (EWP) (Alexander and Jones, 2001 ), for 1961 -1990 with feedback' process (Perovich et al., 2008) . The Northwest Passage was navigable at the end of summer 2007, but sea-ice extent to the east of Greenland was near normal. As the winter growth commenced, the extent began to return to more typical values. November and December were about the same as in 2006, but the ice pack will include a smaller fraction of thick multiyear ice and a larger fraction of thinner first-year ice. The ice is therefore likely to be more susceptible to melting in summer 2008. In the Southern Hemisphere, around Antarctica, the 2007 sea-ice extent was close to average. In the north African Sahel, on the southern fringes of the Sahara, 2007 had a similar total rainfall to 2006 (Figure 11 ). The smoothed curve shows the decadal evolution of the rainfall and indicates that the past decade, although somewhat drier than the long-term average, has still been moister than the severe drought of the early 1970's and mid-1980's. The Sahel rainfall series is not representative of semi-arid areas of North Africa, such as mountainous, spar sely observed Ethiopia (Conway et al., 2004) , but Dai et al., (2004) have confirmed the overall reliability of the long-term variations in the series. Although 2007 was drier than the long-term average, heavy rainfall during the rainy season (July-October) led to widespread flooding from Nigeria to Ethiopia. Hundreds of people died and more than half a million were left homeless.
More (Nicholson, 1985) . The smooth curve was created by applying a 21-term binomial filter to the annual values. The values from 1901 -1984 are from Nicholson (1985 . From 1985 From -2000 (Chen et al., 2002) . The inset shows percentage precipitation anomalies relative to the 1961-1990 long-term 
